Abstract. The effect of overheating of the melt and cooling rate of alloys of the Al-Cu system with a copper content of 25.0 -36.0% ( mass.), the rest of the aluminum is investigated. It is shown that an overheating of the liquid at 50 -100 K above the liquid-liquid line leads to the formation of a fine-dispersed eutectic structure and the inhibition of the formation of primary aluminum crystals in the pre-evacuation of alloys and the Al2Cu phase in hypereuvtectic alloys, in accordance.
Introduction
The development of the mining industry makes very stringent demands on the physical properties of products: their resistance to wear, corrosion resistance in liquid and gaseous environments [1] . Interest in the system alloys Al-Cu during the last decades was due to the wide use of these alloys in the industry and transportation.
According to the diagram of the Al-Cu system, eutectic α-Al + Al2Сu are formed at a copper content of 33% (mass.) and aluminum 67 % (mass.) [2] . The existence of the Al2Cu phase in two modifications (Al2Cu-type) and (CaF-type) [3] . The investigation of the structure of alloys as a result of prolonged aging revealed that there is a phase (Al2Cu-type) up to a temperature of 463 K, and with a decrease in temperature (CaF-type) [4] .
As is known, alloy by heating to temperatures higher liquidus temperature observed change in viscosity curves [5] [6] [7] [8] . On curves of dependence of the Al-Сu melt viscosity on temperature, hysteresis loops between the heating and cooling curves, which are associated with the restructuring of the complexes in the liquid, were obtained [5] [6] [7] [8] . For the alloy eutectic composition (copper content 17,0% (at.) There is an intersection of the viscosity curves of heating and cooling at a temperature of 950 ° С [6] . Investigation of the dependence of the value of structural parameter in liquid on the copper content in the alloy and temperature showed that the alloy eutectic composition (Al83Cu17) reduces the structural parameter in liquid in the temperature range 1023 -1253 K, and the presence of sharp peak indicates an ordered structure [9] . In [10] , the peak was observed in the range of temperatures 835 -935 K. The authors of [9] [10] [11] [12] notes, that slight overheating of alloys above the liquidus line leads to a significant reduction of complexes in a liquid. It is known that an increase in the cooling rate to 10 4 -10 5 K/s leads to the formation of a supersaturated solid solution and an increase in the content of the Al2Cu phase in a nonequilibrium eutectic [13] [14] .
The existence of complexes in eutectic and peritectics melting influences the structure and properties of the appropriate solid alloys, which is important for casting, soldering, welding, and for manufacturing composite materials based on the eutectic matrix.
The influence on the complexes formation in the melt allows improving the properties of solid alloys, both crystalline and amorphous. The phenomena observed in the liquid state of metals and alloys are inherent in systems that are in critical condition [15] . For such systems, were characterized the presence of temperature in which there are no complexes in the liquid. At present, all available information on the influence of temperature on the structural state of the Al-Cu melts and the formation of phases depending on the cooling rate is not sufficient.
Thus, the purpose of this study was to investigate the structural properties of Al-Cu alloys depending on the heating temperature of the alloy above the liquidus, the cooling rate.
Materials and Methods of Researches
The investigations were carried out on Al-Cu alloy samples with copper content 25.0 -36.0% (mass.), the rest is aluminum. For this purpose, a mixture of the following composition was used: aluminum with a content of 99.9% and copper with a content of 99.9% (mass.). The melting of samples was carried out in a Taman furnace at temperatures of 820 -1100 K with a graphite heater in alund crucibles. Cooling rate of alloys was 10 K/s. Part of the samples were made using the same method, but after heating poured into wedge shapes, at the expense of which when cooled in the wide part of the wedge the cooling rate was obtained 10 2 K/s, and in the thin part − 10 4 K/s. Chemical and spectral analysis was used to determine the chemical composition of the alloy [16] . Differential thermal analysis on the "Derivatograf" with a heating rate 2 K·min -1 was used to determine the temperature of phase transformations. The phase composition of alloys was determined by microanalysis microscope JSM-6490, and with an optical microscope "Neofot-21". X-ray diffraction analysis was carried out on a DRON-3 diffractometer in monochromatic Cuα radiation.
The investigation of the behavior of alloys in corrosive media was carried out gravimetrically. Corrosive tests were carried out in a solution of 1 N NaOH, 1 N H2SO 4 and 1 N HNO3. Solutions were prepared from concentrated acids. Conducting researches with a gravimetric method, the coefficient of relative corrosion resistance of alloys was determined as the difference in weight of samples per unit plane. The experiment was performed at room temperature (295 ± 5) K for 1 and 3 hours. The samples were smeared with sandpaper, washed with water from a bidistile, degreased with ethyl alcohol, and weighed to analytical scales with an accuracy of 0.1 mg.The microhardness of various phase components was determined by using a PMT-3 microhardness meter (DST 9460-76) under a load of 200 g and the level of hardness after quenching with the help of a TK-2M hardness meter.
The abrasive wear of alloys Al-Cu was determined in an installation aimed at testing rolled and stamped materials according to the scheme of two blocks with pressing forces applied to a blockequal to 200 kg·sec and a rotation velocity of 140 -150 rpm. As reference specimens, we used specimens made of alloys Al-Cu after pouring.
Results and Discussion
Hypoeutectic alloys of the Al-Cu system have the following structure: the primary dendrite Al and the regular eutectic Al + Al2Сu, which, after crystallization, corresponds to the phase composition of the state diagram of the system [2] .
The microstructure of the hypoeutectic alloys of the Al-Cu system, which, after heating to a temperature of 873 K, and a wedge-shaped form, consisted of primary aluminum dendrites that were homogeneous in size and located in the eutectics. The eutectic has a less dispersed structure along the edges of eutectic grains. With an increase in the cooling rate to 10 3 -10 4 K / s, the volume The microstructure of the hypoeutectic alloys of the Al-Cu system, which, after heating up to 100 K over the liquidus line, and poured into a wedged-shaped, consisted of primary aluminum dendrites and eutectics, the volume share of which has increased in comparison with the samples after the casting. With an increase in the cooling rate to 10 3 K/s, the volume fraction and the size of the primary aluminum dendrites decreased, while eutectics increased. An increase in the cooling rate to 10 4 K/s is accompanied by a significant reduction in the dimensions and volume fraction of primary aluminum crystals to 10 -15 % (Fig. 1) .
The heating of the Al-Cu pre-evacuallic alloys 150 K above the line of liquid and subsequent cooling at a rate of 10 2 K/s leads to a decrease in the size and volume fraction of the primary aluminum dendrites compared to a lower overheating temperature of these alloys ( Fig. 2, a) . The eutectic morphology is more dispersed and homogeneous.
The preheating of the hypoeutectic alloys of the system at 150 K and subsequent cooling rate of 10 3 K/s leads to the eutectic formation with a more dispersed structure compared to samples that were cooled at a lower rate. In addition, there are no primary crystals of aluminum in the structure (Fig. 2, b) . Changes in the morphology of eutectics were observed in the area of the wedge cooled at a rate of 10 4 K/s. In this part of the wedge it was homogeneous in morphology and there were no primary crystals of aluminum in it. 
Materials Properties and Technologies of Processing
To determine the peculiarities of phase transformations in the pre-evacuation alloys of the Al-Cu system, a differential thermal analysis was performed.
When heating a hypoeutectic alloy after heating it up to 150 K above the liquid-liquid line and cooled at a rate of 10 2 K/s on the thermogram, there are three thermal effects. The first is probably due to the fact is that at the temperature of 470 K the transformation was indicated by the authors of the work [2] [3] , and the second -the melting of eutectics and primary aluminum dendrites at a temperature of 820 K, and the third -dissolution of the primary crystals of aluminum at a temperature of 843 K.
As a result of the subsequent cooling of the hypoeutectic alloy, a thermogram was obtained, the transformation of which corresponds to the equilibrium diagram of the state of the Al-Cu alloy [2] , namely, at the temperature of 836 K, the formation of primary aluminum crystals and the eutectic temperature of 819 K will occur. a) b) Fig. 3 The thermogram of heating and cooling of an alloy with an aluminum content of 71.0% (by mass) after a preheating overheating of 150 K and cooling at a rate of 10 4 K/s
An increase in the cooling rate to 10 4 K/s after overheating of the alloy by 150 K above the liquid-liquid line leads to a change in the phase composition and phase transformations in the alloy.
On the heating thermogram of a hypoeutectic alloy obtained after overheating of the melt above the liquidus line at 150 K and subsequent cooling rate of 10 4 K/s, a transformation at the temperature of 671 K was recorded, which may explain the separation of the AlCu phase, which was detected by X-ray diffraction analysis (Fig., b) . Formation of the Al-Cu phase is not inherent in this concentration range. Its formation may be explained by the phenomenon of liquefaction when crystallizing these alloys. The melting of the eutectic occurs at a temperature of 819 К.In this case, there is no conversion on the thermogram of the alloy, which would correspond to the primary crystals formation (Fig. 3, a) .
Subsequent cooling of this alloy led to the fixation on the thermogram of phase transformations that correspond to the diagram of the state of the Al-Cu system, namely, at the temperature of 841 K, the formation of primary aluminum crystals occurs, and at the temperature of 817 K, the formation of eutectics takes place (Fig. 3, b) .
As a result of the X-ray diffraction analysis of the Al-Cu system alloys with overheating to 150 K and subsequent cooling with different rate in the interval of 10 2 -10 4 K/s, there was observed the presence of lines of insignificant intensity corresponding to the AlCu phase, slight shift of lines of the aluminum solid solution and Al2Cu phase toward larger angles (Fig. 4, a) . The obtained results can be explained by the fact of the changes solubility of copper in aluminum. Thus, overheating of the liquid of a hypoeutectic Al-Cu alloy at 150 K and subsequent cooling leads to the fact that at a cooling rate of 10 2 K/s the phase composition does not change, and an increase in the cooling rate to 10 4 K/s is accompanied by the formation of the AlCu phase and the absence of primary crystals aluminum.
In this work, the parameters of the crystal lattice for aluminum and the Al2Cu phase have been investigated, depending on the temperature of the heating and the cooling rate to the eutectic alloy with an aluminum content of 71% (mass). According to the results of the research, an increase in the cooling rate leads to a decrease in the parameter of the aluminum grille ( As it is known, the parameter of the lattice of aluminum is 4,050 Å, and the Al2Cu a phase = 6.0666, c = 4.87 [2, 17] .
The obtained results showed an insignificant change in the lattice parameter of the structural components of the Al-Cu alloys with an increase in the cooling rate, which correlates with the results obtained in the papers [2] . The temperature of overheating of the pre-evacuation alloy above the liquid-liquid line affects the physical properties of the alloy (Fig. 5) . Thus, the overheating of eutectic alloys by 150 K leads to an increase in the numerical value of the microhardness of the eutectic.
The overheating of the liquid of Al-Cu alloys with a copper content of 25.0 -31.5% (by mass) above the line of liquid to 150 K leads to a decrease in the volume fraction of primary aluminum crystals and an increase in the volume fraction of the eutectic (Fig. 6) . At a cooling rate of 10 3 -10 4 K/s, no formation of primary aluminum crystals occurs at all, which can be explained by the absence of primary microcomplexes in the alloy fluid, which correlates with the results given in works [5] [6] [7] [8] . In case of overheating of liquid above liquid liquid line up to 150 K and sequential cooling at a rate of 10 4 K/s of alloys, in addition to the eutectic of aluminum, the formation of finely dispersed emissions of the AlCu phase in small quantities occurs.
Fig . 5 Microhardness of eutectics of hypoeutectic alloys depending on the cooling rate and the temperature of overheating Fig. 6 Dependence of the volume ratio of primary crystals of aluminum on the cooling rate Thus, depending on the temperature of the overheating to the eutectic alloys of the Al-Cu system above the liquid line and the cooling velocity, there was observed a decrease in the volume ratio of the primary aluminum crystals.
Eutectic alloys of the Al-Cu system with a copper content of 33% by weight, which were heated to temperatures 873-973 and were filled in wedge-shaped, had an eutectic structure without the formation of primary phasesFor these alloys, overheated 150 K above the line of liquid and cooled at different rates, there was a change in the morphology of eutectics, namely, for the thick part of the wedge, in which the melt had a cooling rate of 10 2 K/s, characterized by a lamellar eutectic. With an increase in the cooling rate of the melt to 10 3 -10 4 K/s, an increase in dispersion and a violation of the regularity of the eutectic was observed.
For hypereutectic alloys with a copper content of 34.0 -40.0% (by mass) overheated 50 K above the liquid-liquid line and cooled at a rate of 10 2 K/s, there was a decrease in the size of the primary crystals of the Al2Cu phase and the volume fraction compared to the samples after cast I will. An increase in the rate of cooling of alloys contributes to the subsequent reduction of both the size and volume fraction of primary crystals of the Al2Cu phase.A similar situation was observed in the study of the microstructure after overheating of hypereutectic alloys to a temperature of 100 K above the liquidus line, namely, further reduction of the measurements of the primary phase of Al2Cu and an increase in the volume fraction of the eutectic.
When cooled with hypereutectic alloys with rate of 10 4 K/s, the formation of a eutectic with greater dispersion and the complete suppression of the primary Al2Cu crystals formation were observed.
A subsequent increase in the overheating temperature of the melt to 150 K and cooling rate of 10 2 K/s is accompanied by a significant decrease in the size and volume fraction of the primary crystals (Fig. 7, a) .
An increase in the cooling rate to 10 3 -10 4 K/s leads to complete suppression of the formation of primary Al2Cu crystals (Fig. 7, b) . With an increase in cooling velocity up to 10 4 K/s, a slight shift lines of aluminum and Al2Cu phases occurs on the diffractogram and the presence of lines that correspond to the microencapsulation of the Al4Cu9 phase has been identified (Fig. 4, b) .
The results can be explained by the inhibition of the primary phase formation by increasing the volume fraction of eutectics, possibly changing the solubility of copper in aluminum and aluminum in the Al2Cu phase.
For a hypereutectic alloy, heated to 150 K above the liquid-liquid line and cooled at a rate of 10 2 K/s on the thermogram, two transformations were observed during heating. The first transformation on the thermogram of the alloy occurred at a temperature of 818 K. This transformation corresponds to the fusion of the eutectic. The second -at a temperature of 834 K, the melting of the primary crystals of the Al2Cu phase.
Subsequent cooling of this sample showed on the thermogram that the formation of primary crystals of the Al2Cu phase occurred at a temperature of 835 K, while the second at 819 and corresponds to the formation of eutectics.
On the thermogram, when heating a hypereutectic alloy with an aluminum content of 63.0% of a liquid-heated liquid 150 K heated above 10 4 K / s heated at a rate of 10 4 K / s, the first transformation was observed at a temperature of 719 K. It can be assumed that this transformation corresponds to the fusion of the Al4Cu9 phase, which confirms the results of the X-ray diffraction analysis. The second transformation on the thermogram of an alloy at a temperature of 819 K-fusion of eutectics (Fig.8, a) . Subsequent cooling of this sample on the thermogram recorded the formation of primary crystals of the Al2Cu phase at a temperature of 836 K, while the second at a temperature of 817 K corresponds to the formation of the eutectic, which correlates with the data of the diagram of the state of the Al-Cu system (Fig. 8, b) . a) b) Fig. 8 The thermogram of heating and cooling of an alloy with an aluminum content of 63.0% (mass) after a preheating overheating of 150 K and cooling at a rate of 10 4 K/s
Thus, overheating of the hypoeutectic and hypereutectic Al-Cu alloys above the liquidus line on 50 K and subsequent cooling leads to a decrease in the volume fraction of the primary crystals and an increase in the volume fraction of the eutectic. Subsequent overheating of alloys up to 150 K is accompanied by inhibition of primary aluminum crystals formation in hypoeutectic alloys and the Al2Cu phase in hypereutectic alloys, respectively.
An important indicator the overheating temperature influence on the physical properties of alloys is wear resistance and micro brittleness ( Table 2) . Thus, overheating of alloys of the Al-Cu system above the liquidus line of 150 K and above promotes not only the formation of a uniform microstructure of alloys, but also the improvement of physical properties.
After cooling samples the relative wear resistance became greater in 1.3 -1.45 times by value, and the brittleness of alloys decreased in 1.2 -1.35 times in comparison with samples that did not overheat.
At present, data on corrosion resistance of aluminum and its alloys are known [18] [19] [20] [21] [22] . The analysis of the results of investigations of the corrosion resistance alloys based on aluminum containing copper indicated that there are no unambiguous results. Corrosion tests of hypoeutectic and hypereutectic alloys after overheating of the melt at 100 -150 K above the liquidus line and rapid cooling in acid and alkaline media showed that their corrosion rate was lower compared to samples without processing in liquid state (Table 3) . In the acid solution HNO3 and H2SO4, the corrosion resistance of the hypoeutectic and hypereutectic alloys is higher than in solutions of NaOH, which coincides with the results of other authors who investigated the corrosion rate for aluminum and its alloys [18] [19] [20] [21] [22] . Thus, overheating of 100-150 K alloys above the liquidus line and subsequent cooling reduces the corrosion rate in nitric and sulfuric acids to 30-45% compared with samples without pretreatment (Table. 3).
The analysis of the results showed that to obtain a homogeneous structure of hypoeutectic and hypereutectic alloys of the Al-Cu system, which does not have any complexes, it is necessary to overheat the liquid of alloys by 150 K above the liquidus line, depending on the copper content in the alloy. In addition, it should be noted that overheating of alloys improves the physical and chemical properties of Al-Cu system alloys.
Conclusions
1. Liquid overheating of the Al-Cu alloy with a copper content of 25.0 -36.0% (by mass), the remaining aluminum at 50 -100 K above the liquidus line leads to the formation of a fine-dispersed eutectic structure and inhibition of the primary aluminum crystals formation in eutectic alloys and the Al2Cu phases in hypereutectic alloys, respectively.
2. Overheating liquid by 150 K above the liquidus line and subsequent cooling leads to complete inhibition of the primary aluminum crystals in the pre-eutectic alloys and Al2Cu phase in hypereutectic alloys, respectively.
3. Overheating of the Al-Cu melt affects not only the volume fraction of the eutectic, but also its morphology and physical and chemical characteristics. Overheating of alloys by 100 -150 K above the liquidus line and subsequent cooling reduces the rate of corrosion to 30 -45%, and the relative wear resistance becomes greater in 1.3 -1.45 times, and the brittleness of the alloys has decreased by 1.2 -1.35 times as compared to samples that did not overheat.
